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Summary  Long-lasting  insecticidal  nets  (LLINs)  are  being  promoted  for  malaria
vector  control  in  the  northeastern  Indian  state  of  Assam.  A  cross-sectional  study
was  conducted  to  assess  the  current  residual  bio-efﬁcacy  and  durability  of  both  the
Olyset® and  PermaNet®2.0  LLINs  that  were  distributed  earlier  in  2009,  2011  and
2013  to  help  formulate  informed  policy  regarding  net  procurement,  supplies  and
replacement.  The  study  was  undertaken  in  three  different  malaria  endemic  blocks
of  Assam  during  the  period  of  June  to  October  of  2014.  The  residual  bio-efﬁcacies
were  ascertained  using  the  WHO  cone-bioassay  method  for  mosquito  mortality  post-
exposure  and  corroborated  with  the  ring-net  assay  for  the  median  knockdown  times
of  both  types  of  LLINs  in  use  by  these  communities.  Cross-sectional  community  sur-
veys  were  distributed  to  assess  net  ownership,  utilization,  community  practices  and
the  physical  conditions  of  the  nets  in  terms  of  being  torn  and  the  numbers  of  holes
per  position.  Both  the  Olyset® and  PermaNet®2.0  LLINs  that  were  distributed  in  2009
(i.e.,  nearly  after  ﬁve  years  of  community  usage)  were  completely  torn,  worn  out
and  obsolete.  However,  the  LLINs  distributed  in  2011  (i.e.,  three  years  of  commu-
nity  usage)  retained  their  residual  bio-efﬁcacies  in  susceptibility  ranges  that  varied
from  57%  to  79%.  However,  for  the  LLINs  that  were  distributed  in  2013,  the  observed
residual  efﬁcacy  was  adequate  and  resulted  in  a  mosquito  mortality  rate  >80  per-
cent.  Of  the  two  types  of  LLINs  inspected,  the  Olyset®nets  were  more  durable  and
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robust  in  terms  of  being  torn  less  frequently  (37.1%,  39/105)  compared  with  the
PermaNet®2.0  nets  (51.8%,  204/394).  Regarding  the  LLINs  that  were  distributed  in
2013,  all  were  physically  intact  and  in  good  condition.  The  majority  of  the  distributed
LLINs  (99.2%,  639/644)  were  still  in  the  possession  of  the  householders  of  the  surveyed
populations.  This  study  revealed  that  the  serviceable  life  of  the  nets  was  slightly  less
than  three  years  in  terms  of  waning  residual  bio-efﬁcacy  and  durability  that  warranted
replacement.  The  communities  were  aware  of  the  beneﬁts  of  the  use  of  mosquito  net
and  regularly  used  the  nets;  thus,  LLIN-based  interventions
trol  should  be  scaled  up.
dulaziz  University  for  Health  Sciences.  Published  by  Elsevier
ed.
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alaria  is  major  public  health  concern  in  the  north-
astern  Indian  state  of  Assam  (24◦44′—27◦45′ N
at.; 89◦41′—96◦2′ E  long.),  in  which  the  majority
f districts  report  cases,  but  the  disease  distri-
utions  and  relative  risks  vary  [1,2].  Plasmodium
alciparum and  P.  vivax  are  co-endemic,  but  P.  fal-
iparum predominantly  responsible  for  infections
>70%) and  solely  responsible  for  the  substantial
ncrease in  cases  and  attributable  deaths.  The
ransmission  of  the  causative  parasites  is  persis-
ent with  a  seasonal  peak  from  April  to  September
hat coincides  with  the  months  of  heavy  rainfall.
nopheles minimus  and  An.  baimaii  have  been
ncriminated  by  several  independent  investigators
nd unequivocally  proven  to  be  the  major  vec-
ors in  the  state,  but  a  host  of  other  mosquito
pecies, including  An.  nivipes  and  An.  culicifacies,
re also  believed  to  contribute  to  the  overall  dis-
ase burden  of  malaria  [3].  Both  the  An.  minimus
nd An.  baimaii  mosquito  species  are  highly  suscep-
ible to  DDT,  which  remains  the  choice  insecticide
n the  control  program  speciﬁc  to  northeast  India.
owever,  despite  decades  of  attempted  control,
alaria transmission  remains  uninterrupted  largely
ue to  the  poor  acceptance  of  indoor  spray  cover-
ge [4].  To  overcome  this  operational  constraint,
he advent  of  long-lasting  insecticidal  nets  (LLINs)
as proven  to  be  an  evidenced-based  intervention
or disease  vector  control  and  the  incorporation
f program  implementation  planning  by  healthcare
ervices [5—7].  Due  to  the  reductions  in  transmis-
ion that  have  been  demonstrated  in  village-scale
eld-based studies,  LLINs  are  now  being  promoted
s the  mainstay  of  vector  control  for  prioritized
igh-risk population  groups  [8]. Among  the  variety
f LLINs  that  are  recommended  by  the  WHO  Pesti-
ide  Evaluation  Scheme  (WHOPES)  for  procurement
nd supply  [9],  Olyset ®nets  (polyethylene  netting
ith incorporated  permethrin)  and  PermaNet®2.0
T
d
m
mets  (deltamethrin-coated  polyester  netting)  have
een approved  by  the  Central  Insecticide  Board
f the  Government  of  India  for  use  in  public
ealthcare services  (http://www.cibrc.nic.in/)  in
he country.  Due  to  these  speciﬁc  approvals,  in
he period  from  2009  to  2013,  more  than  1.5  mil-
ion Olyset® (Sumitomo  Chemical  Company,  Osaka,
apan) and  PermaNet®2.0  (Vestergaard  Frand-
en, Lausanne,  Switzerland)  nets  were  distributed
ratis in  the  state  of  Assam  through  primary
ealthcare services  including  nets  distributed  by
on-governmental  organizations  in  high-risk  dis-
ricts/population  groups  for  the  promotion  of
ersonal  protection  against  mosquito  bites.  Given
he observed  declines  in  transmission  trends  and
ommunity  acceptance  across  the  state  [4], the  dis-
ribution of  additional  supplies  in  a phased  manner
s envisaged,  and  for  this  goal,  the  formulation  of
n informed  policy  for  net  procurement,  supply  and
eplacement,  including  campaigns  for  behavior-
hange communication  to  increase  net  usage  and
ompliance,  was  mandated.  Included  in  this  report
re data  on  the  current  residual  bio-efﬁcacies  of  the
LINs distributed  in  the  ﬁeld  in  2009,  2011  and  2013
n villages/population  groups  of  select  blocks  of  the
tate in  terms  of  malaria  transmission/suspected
osquito  vector  species  and  observations  regarding
et durability,  community  practices,  retention  and
ttrition rates  and  any  potential  public  perceptions
f occurrences  of  adverse  events.
aterials and methodshe  state  of  Assam  is  rich  in  biodiversity
ue  to  the  extended  monsoons,  and  the
alaria receptivity  is  estimated  to  be  low-to-
oderate [1]. Both  the  Olyset®net  (dimensions,
300  V.  Dev  et  al.
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TFig.  1  Map  of  the  state  of  Assam  indicating  the  stud
geographical  location  of  Assam  in  red.
130  cm  ×  180  cm  × 150  cm,  blue  color,  150-denier
polyethylene  yarn  with  incorporated  2%,  w/w
1 g/m2 permethrin)  and  the  PermaNet®2.0  net
(dimensions, 190  cm  ×  180  cm  ×  150  cm,  white
color, 100-denier  polyester  yarn  coated  with
55 mg/m2 deltamethrin)  were  distributed  in  dis-
tricts reporting  strong  increases  in  P.  falciparum
cases and  attributable  deaths  in  batches  in  2009,
2011 and  2013.  In  the  beneﬁciary  districts/blocks
in the  state  that  received  LLINs  (Olyset®nets,
PermaNet®2.0  nets,  or  both),  this  study  was  under-
taken from  June  to  October  2014  in  three  different
malaria-endemic  blocks  in  the  Goalpara,  Kamrup
Metro  and  Nagaon  districts  (Fig.  1).  These  districts
are considered  high-risk  for  malaria  and  have  large
concentration  of  cases  in  the  forest  fringe/foothill
villages inhabited  by  indigenous  ethnic  tribes  living
in low  socio-economic  conditions.  Based  on  the
available  LLIN  distribution  records,  the  investi-
gations were  conducted  in  a  few  representative
beneﬁciary  index  villages  of  each  district/block,
and a  total  of  391  households  from  all  three  districts
were  selected  randomly.  The  data  were  collected
as per  a  protocol  for  the  uniform  evaluation  of
insecticides  used  in  vector  control  that  is  approved
by the  institutional  scientiﬁc  advisory  committee
[10].  In  these  villages,  the  population  settlements
are scattered  (<100  per  sq  km),  and  the  average
household comprises  4—5  members.  Typically,
houses comprise  of  two  to  three  mud-plastered
rooms made  of  split  bamboo  with  thatched  rooﬁng
that frequently  have  an  adjacent  cattle  shed.
Paddy cultivation  is  the  major  occupation  for
subsistence,  but  other  occupations  include  hand-
looms,  forest  produce  and  meager  daily  wages.
The climate  is  typically  tropical  to  subtropical  with
m
d
d
atricts  in  yellow.  The  inset  map  of  India  indicates  the
ot  and  humid  summers  and  receives  heavy  rainfall
2—3 m)  beginning  with  pre-monsoon  activity  dur-
ng March/April,  and  the  maximum  precipitation
ccurs during  May—September/October.  During
his period  (i.e.,  the  wet  season),  temperatures
ange from  23 ◦C to  34 ◦C,  and  many  parts  of
he state  are  annually  affected  by  ﬂash  ﬂoods.
onsoons begin  start  retreating  in  October  with  the
oncomitant  fall  in  temperatures,  and  minimum
emperatures of  9—10 ◦C  are  recorded  during
ecember/January  (i.e.,  winter  season).  The
elative  humidity  (60—80%)  throughout  the  year
s conductive  to  disease  vector  proliferation  and
ongevity,  which  permits  the  active  transmission  of
he causative  parasites.  Malaria  control  operations
argely  consist  of  the  radical  treatment  of  cases
nd two  rounds  of indoor  residual  DDT  sprays  that
re scheduled  during  the  peak  transmission  times
n villages  that  report  high  case  incidences  and
eaths. Other  intervention  measures  include  the
mpregnation  of  community-owned  mosquito  nets
ith pyrethroid  supplemented  by  the  provision  of
ne or  two  LLINs  per  household  (averaging  one
et per  two  persons)  that  is restricted  to  select
igh-risk districts/population  groups.
xperimental design and methods
osquito  abundance  and  insecticide
usceptibility status  of  the  mosquito  disease
ectors
o ascertain  the  prevalences  of  anopheline
osquito  species  and  their  relative  abundances,
ay-resting catches  were  performed  inside  human
wellings  during  the  morning  hours  (0600—0800  h)
nd in  cattle  sheds  in  the  evening  (1800—2000  h)  by
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lesidual  bio-efﬁcacy  and  durability  of  long-lasting  i
xperienced  insect  collectors  aided  with  mosquito
uction tubes  and  battery  torch  lights.  Among
he collected  mosquito  species,  the  susceptibility
tatus of  An.  nivipes  (the  most  abundant  suspected
osquito vector  species)  was  ascertained  using
he WHO  standard  test  kit  procedures  against  DDT
4%). Field-collected  mixed-aged  An.  nivipes  adults
ere exposed  in  batches  of  10—15  mosquitoes
er replicate  for  60  min  to  the  given  diagnostic
oncentration,  and  the  mortalities  24  h  after  the
ecovery  period  were  recorded.  The  data  were
ooled for  different  replicates  while  maintaining
he appropriate  controls.
onitoring  the  residual  efﬁcacies  of  long-lasting
nsecticidal  nets
he  residual  bio-efﬁcacies  of  the  ﬁeld-distributed
LIN were  monitored  for  insecticidal  activities
gainst the  candidate  test  mosquito  species  An.
ivipes  as  detailed  in  the  procedures  provided
elow.
one-bioassay.  Cone-bioassay  tests  were  per-
ormed following  the  standard  WHO  method  to
etermine  the  persistences  and  bio-availabilities  of
he insecticides  on  the  netting  ﬁbers  [10].  For  this
urpose, three  LLINs  were  drawn  randomly  in  each
lock with  untreated  nets  as  the  control.  Field-
ollected adult  female  An.  nivipes  mosquitoes  were
xposed  to  these  bio-assays  in  minimums  of  three
eplicates.  For  each  replicate,  ten  mosquitoes  were
ntroduced  into  the  plastic  bioassay  cone  for  an
xposure  to  the  netting  ﬁber  of  3 min,  and  the
umbers of  mosquitoes  knocked  down  after  the
xposure  period,  and  the  24-h  recovery  period  mor-
ality (at  the  prevailing  ambient  temperature  and
umidity)  were  recorded.
ing-net  bioassay.  Ring-net  bioassay  tests  were
onducted  concurrently  with  the  ﬁeld-distributed
LINs to  substantiate  the  residual  bio-efﬁcacy
esearch ﬁndings.  Field-collected  adult  female  An.
ivipes mosquitoes  were  exposed  to  these  bioas-
ay tests.  In  each  replicate,  11  mosquitoes  were
ntroduced into  the  ring-net,  and  the  times  required
or the  knockdowns  of  1st,  6th  and  11th  mosquito
ere recorded  over  a  maximum  observation  period
f 1  h.  The  time  required  for  the  knockdown  of  the
th mosquito  was  taken  as  the  median  knockdown
ime.
ommunity perceptions,  practices  and  net
urability
ublic perceptions  were  quantiﬁed  by  interview-
ng the  inhabitants  using  pre-tested  structured
uestionnaires  that  were  detailed  in  the  institution-
lly approved  study  protocol  [10]. After  receiving
nformed verbal  consent,  an  adult  householder/net
d
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ser/head  of  family  was  interviewed  for  perceived
dverse events,  net  usage  patterns/frequency  of
se, and  method  and  number  of  washes,  and  the
ets were  inspected  for  physical  condition  in  terms
f being  torn  and  the  number  of  holes  and  repairs,
tc. The  number  of  holes  in  the  torn  nets  were
ategorized by  size  as  small  (0.5—<2  cm),  medium
2—10 cm)  and  large  (>10  cm)  and  by  position  as
eing in  the  lower  half,  upper  half  or  the  roof  of
nspected  net.
esults
elative abundances of mosquito vector
pecies and insecticide susceptibility status
uring  the  study  period  (June—October,  2014),  the
osquitoes  were  collected  in  different  habitats
hat included  inside  human  dwellings  (day-resting)
nd in  cattle  sheds  (evening  biting).  In  the
ay-resting mosquito  catches  from  inside  human
wellings,  only  three  mosquito  species  were
ecorded as  prevalent,  i.e.,  An.  annularis,  An.  culi-
ifacies and  An.  vagus,  and  their  relative  densities
er person  hour  were  1.3,  2.6  and  9.3,  respec-
ively (Table  1).  Among  these  species,  An.  vagus
as the  most  abundant,  and  An.  minimus  (the
roven  vector  species)  was  virtually  absent  in  all
tudy blocks.  Among  the  cattle  biting  catches,
1 different  mosquito  species  were  recorded  of
hich An.  nivipes  was  the  most  predominant  and
onstituted  the  major  proportions  of  the  col-
ected mosquitoes  across  the  study  sites.  Anopheles
ivipes mosquitoes  were  subjected  to  insecticide
usceptibility  test  procedures,  and  100%  (103/103)
ortality  was  recorded  in  each  replicate  following
0-min exposures  to  DDT  in  the  24-h  post-recovery
eriod. Accordingly,  due  to  the  scarcity  of  An.  min-
mus, An.  nivipes  was  chosen  as  the  candidate
osquito species  for  ascertaining  the  residual  efﬁ-
acies of  the  ﬁeld-distributed  LLINs  at  each  study
ite because  these  species  exhibit  similar  suscepti-
ilities  to  DDT.
esidual bio-efﬁcacies the ﬁeld-distributed
ong-lasting insecticidal nets
oth  the  Olyset® (permethrin-incorporated
olyethylene  netting)  and  PermaNet®2.0
deltamethrin-coated  polyester  netting)  long-
asting insecticidal  nets  that  were  initially
istributed in  2009,  2011  and  2013  were  sub-
ected to onetime  assessments  of  their  residual
io-efﬁcacies in  terms  of  insecticidal  activity
gainst An.  nivipes  (the  implicated  disease  vector
302  
Ta
bl
e 
1 
Re
la
ti
ve
 
ab
un
da
nc
es
 
of
 
an
op
he
lin
e 
m
os
qu
it
o 
sp
ec
ie
s 
in
 
th
e 
st
ud
y 
bl
oc
ks
/d
is
tr
ic
ts
 
of
 
As
sa
m
, 
N
or
th
ea
st
 
In
di
aa
.
A
no
ph
el
es
 
(A
n.
)
m
os
qu
it
o  
sp
ec
ie
s
Ka
th
ia
to
li/
N
ag
ao
n 
Ra
ng
ju
li/
G
oa
lp
ar
a 
So
na
pu
r/
Ka
m
ru
p 
M
et
ro
N
o.
 
of
 
m
os
qu
it
oe
s
co
lle
ct
ed
 
in
si
de
hu
m
an
 
dw
el
lin
gs
(p
er
so
n  
ho
ur
 
de
ns
it
y)
b
N
o.
 
of
 
m
os
qu
it
oe
s
co
lle
ct
ed
 
in
 
ca
tt
le
sh
ed
s 
(p
er
so
n 
ho
ur
de
ns
it
y)
N
o.
 
of
 
m
os
qu
it
oe
s
co
lle
ct
ed
 
in
si
de
hu
m
an
 
dw
el
lin
gs
(p
er
so
n  
ho
ur
 
de
ns
it
y)
N
o.
 
of
 
m
os
qu
it
oe
s
co
lle
ct
ed
 
in
 
ca
tt
le
sh
ed
s 
(p
er
so
n 
ho
ur
de
ns
it
y)
N
o.
 
of
 
m
os
qu
it
oe
s
co
lle
ct
ed
 
in
si
de
hu
m
an
 
dw
el
lin
gs
(p
er
so
n  
ho
ur
 
de
ns
it
y)
N
o.
 
of
 
m
os
qu
it
oe
s
co
lle
ct
ed
 
in
 
ca
tt
le
sh
ed
s 
(p
er
so
n 
ho
ur
de
ns
it
y)
A
n.
 
an
nu
la
ri
s
12
 
(1
.3
)
12
 
(1
.0
)
9 
(0
.9
)
8 
(0
.8
)
3 
(0
.3
)
14
 
(1
.2
)
A
n.
 
ba
rb
ir
os
tr
is
0 
3 
(0
.3
)
0 
8 
(0
.8
)
0 
5 
(0
.4
)
A
n.
 
cu
li
ci
fa
ci
es
 
23
 
(2
.6
) 
15
 
(1
.3
) 
5 
(0
.5
) 
4 
(0
.4
) 
2 
(0
.2
) 
4 
(0
.3
)
A
n.
 
ja
m
es
ii
 
0 
5 
(0
.4
) 
0 
7 
(0
.7
) 
0 
12
 
(1
.0
)
A
n.
 
je
yp
or
ie
ns
is
0 
0 
0 
2 
(0
.2
) 
0 
3 
(0
.3
)
A
n.
 
ko
ch
i
0 
11
 
(0
.9
)
0 
10
 
(1
.0
)
0 
14
 
(1
.2
)
A
n.
 
m
ac
ul
at
us
0 
2 
(0
.2
)
0 
2 
(0
.2
)
0 
3 
(0
.3
)
A
n.
 
ni
ge
rr
im
us
 
0 
26
 
(2
.2
) 
0 
22
 
(2
.2
) 
0 
28
 
(2
.3
)
A
n.
 
ni
vi
pe
s 
0 
14
1 
(1
1.
8)
 
0 
18
0 
(1
8.
0)
 
0 
15
4 
(1
2.
8)
A
n.
 
va
gu
s
84
 
(9
.3
)
29
 
(2
.4
) 
60
 
(6
.0
) 
25
 
(2
.5
) 
31
 
(3
.4
) 
23
 
(1
.9
)
A
n.
 
va
ru
na
0 
2 
(0
.2
)
0 
2 
(0
.2
)
0 
3 
(0
.3
)
a
St
ud
y 
pe
ri
od
: 
Ju
ne
—
O
ct
ob
er
, 
20
14
.
b
N
um
be
r 
of
 
m
os
qu
it
oe
s 
co
lle
ct
ed
 
pe
r 
pe
rs
on
 
ho
ur
.
o
f
c
f
ﬁ
m
a
R
t
m
f
a
a
(
b
M
s
w
t
o
f
v
S
d
0
f
d
K
2
t
i
m
d
v
d
t
(
m
2
P
i
o
1
D
i
A
d
(
u
L
t
mV.  Dev  et  al.
f  malaria)  from  June  to  October  of  2014,  i.e.,
ollowing approximately  one  to  ﬁve  years  of
ommunity usage.
The  minimal  residual  bio-efﬁcacy  was  observed
or the  LLINs  distributed  in  2009  (after  nearly
ve years  of  community  usage)  as  evidenced  by
osquito  mortalities  of  22%  and  27%  for  the  Olyset®
nd  PermaNet®2.0  nets,  respectively  (Table  2).
egarding  the  LLINs  distributed  in  2011  (after  nearly
hree years  of community  usage),  the  mosquito
ortalities after  24  h  of  exposure  were  similar
or both  the  Olyset® and  PermaNet®2.0  LLIN  at
ll study  locations  and  varied  from  57  to  61%
t Kathiatoli/Nagaon  to  79%  in  Rangjuli/Goalpara
P >  0.05),  but  the  mortalities  varied  signiﬁcantly
etween locations  (P  <  0.05).  In  Sonapur/Kamrup
etro, the  mosquito  mortality  after  24  h  of  expo-
ure to  the  PermaNet®2.0  LLIN  was  60%,  which
as similar  to  the  mortality  observed  in  Kathia-
oli/Nagaon but  signiﬁcantly  different  from  that
bserved  in  Rangjuli/Goalpara  (P  <  0.05).  However,
or LLINs  distributed  in  2013,  the  observed  mosquito
ector species  mortality  was  99%  and  optimum.
imilarly, 3 min  post-exposure,  the  mosquito  knock-
own percentage  was  lowest  and  varied  from
 to  3%  for  the  LLINs  distributed  in  2009,  and
or the  LLINs  distributed  in  2011,  the  knock-
own percentages  varied  from  12  to  14%  in
athiatoli/Nagaon  and  Sonapur/Kamrup  Metro,  and
1—23% in  Rangjuli/Goalpara,  respectively.
The  decrease  in  the  residual  efﬁcacy  was  fur-
her substantiated  by  signiﬁcant  increases  (P  <  0.05)
n the  knockdown  times  of  the  1st,  6th  and  11th
osquitoes in  the  ring-net  bioassays  of the  LLINs
istributed  in  2009  and  2011  compared  with  the
alues that  were  observed  for  the  LLINs  recently
istributed in  2013,  which  suggests  the  depletion  of
he available  residual  insecticides  on  netting  ﬁbers
Table  3).  The  median  knockdown  times  for  the  6th
osquito  for  the  LLINs  distributed  in  2009  were
7.2 ±  7.7for  the  Olyset®nets  and  35.7  ±  4.0  for  the
ermaNet®2.0  nets.  Regarding  the  LLINs  distributed
n 2011,  the  median  knockdown  times  of  both  types
f LLINs  were  similar  and  ranged  from  15.7  ±  0.7  to
9.7 ±  1.6  between  locations.
urability and retention of long-lasting
nsecticidal  nets
mong  all  of  the  Olyset® and  PermaNet®2.0  LLINs
istributed in  2009,  all  of  the  inspected  nets
49/49) were  torn  in  large  parts  and  assessed  as
® ®nusable.  Among  the  Olyset and  PermaNet 2.0
LINs distributed  in  2011,  48.7%  (243/499)  were
orn with  holes  that  included  small  —  (0.5—<2  cm),
edium —  (2—10  cm)  and  large-diameter  holes
Residual
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Table  2  Residual  bio-efﬁcacies  of  the  ﬁeld-distributed  long-lasting  insecticidal  nets  used  by  householders  expressed  in  terms  of  percent  knockdown  of  Anopheles
nivipes  mosquitoes  after  3  min  of  exposure  and  the  mortalities  after  24  h  of  recovery  according  to  the  results  of  the  cone-bioassay  test  method  in  Assam,  Northeast
Indiaa.
Type  of  LLIN  Manufacturing
year  (month  of
distribution)
Study  location  (block/district)
(Kathiatoli/Nagaon)  (Rangjuli/Goalpara)  (Sonapur/Kamrup  Metro)
No.  and  (%)  of
mosquitoes
knockdown  after
3  min  of
exposure/total
exposedb
No.  and  (%)
mosquitoes  dead
24  h  post
exposure/total
exposedc
No.  and  (%)  of
mosquitoes
knockdown  after
3  min  of
exposure/total
exposedb
No.  and  (%)
mosquitoes  dead
24  h  post
exposure/total
exposedc
No.  and  (%)  of
mosquitoes
knockdown  after
3  min  of
exposure/total
exposedb
No.  and  (%)  of
mosquitoes  dead
at  24  h  post
exposure/total
exposedc
Olyset® 2009  (Oct.,  2009) 2/60  (3)  13/60  (22)  N/A  N/A  N/A  N/A
PermaNet®2.0 2009  (Oct.,  2009)  0/30  (0)  8/30  (27)  N/A  N/A  N/A  N/A
Olyset® March  2011
(Sept.,  2011)
17/120  (14)  73/120  (61)  21/90  (23)  71/90  (79)  N/A  N/A
PermaNet®2.0 March  2011  (July
2011)
7/60  (12)  34/60  (57)  19/90  (21)  71/90  (79)  12/90  (13)  54/90  (60)
PermaNet®2.0 Dec,  2012  (March
2013)
N/A  N/A  N/A  N/A  168/90  (18)  89/90  (99)
a Study period: July—October, 2014.
b The data are based on the exposures of 10 Anopheles nivipes mosquitoes per cone-bioassay. N/A denotes that the given type of LLIN was not provided.
c Mosquito mortality <80% denotes depletion of residual insecticide on net ﬁber than requisite optimum.
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>10  cm  in  diameter;  Table  4).  However,  the  small
oles were  more  frequent  with  a  cumulative  aver-
ge of  3.4  (832/243)  holes  per  LLIN.  The  majority
f the  holes  in  the  torn  LLINs,  however,  were
oncentrated  in  the  lower  half  of  the  net,  which
ad an  overall  average  of  3.3  holes  per  (806/243)
er LLIN.  Some  of  the  community  users  (80/243,
3%) had  repaired  the  torn  net  by  stitching,  which
ppeared  to  be  the  common  practice  rather  than
ying knots  and  applying  patches.  Among  all  of  the
ets that  were  inspected  for  physical  appearance,
5% (274/499)  were  clean,  29%  (146/499)  were
lightly dirty,  and  the  remaining  nets  were  dirty
o very  dirty.  Of  the  LLINs  that  were  distributed
n 2013,  all  (134/134)  of  the  inspected  nets  were
hysically  intact  and  in  good  condition.
The Olyset®nets  were  more  durable  and  robust
n terms  of  less  frequent  tears  (37.1%,  39/105)  than
he PermaNet®2.0  nets  (51.8%,  204/394),  and  the
lyset®nets  had  fewer  holes  2.4  (92/39)  per  net
han the  PermaNet®2.0  nets  (740/204).  Addition-
lly, the  Olyset® nets  were  more  dirt-repellent;  the
roportion  of clean  Olyset® (79%,  83/105)  nets  was
reater than  that  of  the  PermaNet®2.0  nets  (48%,
91/394).  The  majority  of  the  total  of  391house-
olds that  were  inspected  for  net  retention  (99.2%,
39/644)  still  possessed  their  nets  irrespective  of
he present  physical  condition  of  the  nets.
ommunity perceptions, acceptance and
ractices
ased  on  the  retrospective  cross-sectional
uestionnaire-based  verbal  surveys  of  the  dif-
erent ethnic  communities,  the  householders  were
ully aware  of  the  beneﬁts  of  the  use  of  mosquito
et for  personal  protection  and  regularly  used  the
ets (100%,  391/391).  However,  a  few  respondents
eported skin-related  adverse  events  that  included
tching  (13.5%,  53/391)  and  facial  burning  (6.6%,
6/391) that  lasted  for  a  few  hours  on  the  ﬁrst  few
ays of  initial  usage.  Other  reported  perceptions
ncluded a foul  smell  (4.3%,  17/391),  body  rashes
0.5%, 2/391)  and  headaches  (0.2%,  1/391),  but
ll of  these  adverse  events  were  reported  to
e transitory.  The  majority  of  the  beneﬁciaries
92.7%, 407/439)  used  the  LLIN  year-round  and
ung the  mosquito  nets  over  their  sleeping  cots.
ll respondents  (100%,  439/439)  stated  that  they
ad beneﬁted  from  the  use  of  LLINs  in  terms
f decreased  nuisance  mosquito  bites.  A  good
roportion of  these  community  users  washed  the
et at  quarterly  intervals  (73.3%,  322/439)  with
ommonly  available  detergent  powder  by  soaking
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Table  4  Comparative  assessment  of  the  physical  integrities  of  the  long-lasting  insecticidal  nets  (LLINs)  that  were
initially  distributed  in  2011  in  the  ethnic  communities  of  Assam,  Northeast  Indiaa.
S.  no.  Question  Physical  condition  of  LLIN  Any  N  =  499
Olyset® N  =  105  PermaNet®2.0  N  =  394
1. No.  of  torn  nets  with  holes  (%  of  nets  inspected) 39  (37.1) 204  (51.8) 243  (48.7)
2.
Total  numbers  of  holes  (number  of  holes/no.  of  torn  net)
Small  (0.5—<2  cm  diameter)  92  (2.4)  740  (3.6)  832  (3.4)
Medium  (2—10  cm  diameter)  22  (0.6)  250  (1.2)  272  (1.1)
Large  (>10  cm  diameter)  10  (0.3)  109  (0.5)  119  (0.5)
3.
Total  numbers  of  holes  by  position  (number  of  holes/no.  of  torn  net)
Lower  half  97  (2.5)  709  (3.5)  806  (3.3)
Upper  half  21  (0.5)  287  (1.4)  308  (1.3)
Roof  5  (0.1)  103  (0.5)  108  (0.4)
4.
Physical  aspects  of  the  nets  (percentage  of  nets  inspected)
Clean  83  (79)  191  (48)  274  (55)
Slightly  dirty  13  (12)  133  (34)  146  (29)
Dirty  6  (6)  44  (11)  50  (10)
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a Study period: June—October 2014.
nd  dipping  following  by  drying  in  open  broad
aylight (88.4%,  388/439).
iscussion
ector  control  is  an  integral  component  of  the  con-
ainment  of  malaria,  and  other  than  indoor  residual
praying,  long-lasting  insecticidal  nets  are  the  only
ppropriate  technologies  that  are  being  provided
o high-risk  states/districts  with  marginalized  pop-
lation groups  [11,12]. Although  at  present,  the
istribution  of  LLINs  is  patchy,  these  nets  are
ncreasingly popular,  and  community  compliance
nd acceptance  are  high.  In  accordance  with  the
egional  malaria  control  strategy  in  the  South-
ast region,  the  control  program  aims  to  scale  up
he distribution  to  achieve  maximal  utilization  by
opulations  living  all  areas  of  malaria  risk  [13].
owever,  understanding  public  perceptions,  net
urvival,  attrition,  and  retention  and  monitoring
f the  residual  bio-efﬁcacies  and  previously  ﬁeld-
istributed  LLINs  in  local  transmission  areas  are
rucial  to  support  the  national  control  program  for
he management  of  procurement  and  net  replace-
ent [14,15].
As  per  the  WHOPES  criteria,  any  given  LLIN
hould maintain  its  effectiveness  (i.e.,  a  mosquito
ortality ≥80%  by  bio-assay)  against  mosquito  vec-
or species  following  three  years  of  continuous
se in  susceptible  communities  [16]. Based  on
he present  cross-sectional  study  performed  in  the
eneﬁciary  population  groups,  An.  minimus,  which
s the  most  efﬁcient  mosquito  vector,  was  not
B
o
a
S3  (3)  26  (7)  29  (6)
revalent  in  any  of  the  study  locations  (Table  1).
lthough  the  residual  bio-efﬁcacies  of  the  LLINs  dis-
ributed in  2009  had  waned  and  those  distributed
n 2011  retained  mosquito  mortalities  of  <80%
Table  2),  the  mere  retention  of  an  LLIN  seemed
o deter  the  entry  of  An.  minimus  into  human
wellings. There  is  body  of  evidence  that  suggests
hat An.  minimus  populations  are  diminishing  in
reas of  prior  distribution  and  being  replaced  by
n. culicifacies, which  is  rapidly  spreading  in  north-
ast India  [17]. These  data  suggest  that,  given
he climatic  conditions  and  community  practices
f the  northeast  India,  the  serviceable  life  of  a
et is  slightly  less  than  three  years  before  replace-
ent is  required.  Similar  observations  regarding
he serviceable  lives  of  nets  have  been  reported  in
any other  malaria-endemic  countries  with  differ-
nt transmission  settings,  although,  these  studies
ave reported  serviceable  lives  slightly  closer  to  2
ears [18—22].
For  both  types  of  LLINs,  i.e.,  the  Olyset®
nd  PermaNet®2.0  nets,  which  were  in  2011,  the
esidual bio-efﬁcacies  varied  signiﬁcantly  between
ocations  (P  <  0.05)  but  were  similar  within  sites,
hich  suggests  that  the  community  practices  for
et care  and  maintenance  varied  (Table  2).  The
lyset®LLINs  (polyethylene  netting  ﬁber)  were
bserved  to  be  more  durable  and  robust  than  the
ermaNet®2.0  LLINs  (polyester  netting  ﬁber)  in
erms of  the  numbers  of  tears  and  holes  (Table  4).
ecause the  majorities  of  the  holes  in  both  types
f LLINs  were  in  the  lower  halves  of  the  nets,  this
rea should  be  reinforced  for  greater  durability.
imilar observations  regarding  the  lower  halves  of
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nets  have  been  reported  in  other  malaria-ridden
countries  around  the  world  [23,24].  Additionally,
the Olyset® LLINs  were  more  dirt-repellent,  and  a
greater proportion  of  these  nets  were  clean  (79%)
compared  with  the  PermaNet®2.0  nets  (48%).
Although community-based  verbal  surveys  have
limitations,  the  householders  were  fully  aware  of
the beneﬁts  of  using  mosquito  net  for  personal  pro-
tection during  all  seasons.  The  other  limitations  of
this study  include  the  lack  of  data  regarding  the
proportionate  hole  index  (pHI),  which  is  used  to
track net  serviceable  life,  the  lack  of  data  about
the available  insecticide  residues  on  the  net  ﬁber,
and the  lack  of  data  regarding  the  inhibition  of
the feeding  of  the  disease  vectors,  which  is  used
to determine  the  end  of  the  useful  life  of  a net
[25].  Moreover,  because  the  LLINs  were  only  dis-
tributed  to  a  subset  of  the  population,  assessments
of the  epidemiological  impacts  of  damaged  nets
on malaria  transmission  were  not  attempted.  This
was merely  a  cross-sectional  study,  and  prospec-
tive study  would  have  yielded  more  information
about the  control  program.  Most  importantly  the
presented  data  are  related  only  to  the  ethnic  com-
munities  of  Assam;  thus,  inferences  derived  from
these data  may  not  be  applicable  to  other  parts  of
the country  with  varied  disease  epidemiologies  and
contextual  determinants  [26].
In the  northeastern  region  of  India,  due  to  the
wide community  acceptance  and  compliance,  a
net-based  intervention  appears  to  be  appropri-
ate for  increasing  net  ownership  and  utilization
practices [27,28].  Nevertheless,  the  demand  for
universal  coverage  is  enormous,  and  there  is a
window  of  opportunity  to  mobilize  resources  and
develop  innovative  strategies  for  net  distribution
and replacement.  Presently,  the  LLIN  distribu-
tion represents  only  a  miniscule  fraction  of  that
needed  for  universal  coverage  for  at-risk  communi-
ties. Future  research  priorities  should  include  the
development  of  LLINs  that  are  more  robust  and
more potent  in  terms  of  insecticides,  and  innova-
tive strategies  for  the  mass  distribution  of  LLINs
are needed  for  sustained  malaria  control  efforts
[29—31].
Conclusions
Based  on  the  presented  data,  it  is apparent  that
LLIN-based  intervention  technology  is  appropriate
for the  control  of  malaria-transmitting  mosquitoes
that are  speciﬁc  to  northeast  India  and  for  greater
community acceptance,  compliance  and  retention.
However,  net  replacement  is necessary  every  three
years due  to  the  waning  residual  efﬁcacy  andV.  Dev  et  al.
hysical  integrity.  Strengthened  ﬁbers  in  the  lower
alves of  the  LLINs  are  needed  for  prolonged
et serviceable  lives.  There  is  body  of  evidence
hat suggests  that  An.  culicifaciesis fast  spread-
ng throughout  northeast  India;  thus,  monitoring
f the  residual  efﬁcacy  against  this  vector  species
s needed  to  develop  LLINs  that  are  more  robust
nd potent  against  multiple  insecticide-resistant
nsects.  The  promotion  of  this  intervention  is
trongly  advocated  to  ensure  greater  population
overage for  the  continued  success  of  malaria  con-
rol operations.
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